We report stellar parameters for late-K and M-type planet-candidate host stars announced by the Kepler Mission. We obtained medium-resolution, K-band spectra of 84 cool (T eff 4400 K) Kepler Objects of Interest (KOIs) from Borucki et al. We identified one object as a giant (KOI 977); for the remaining dwarfs, we measured effective temperatures (T eff ) and metallicities [M/H] using the K-band spectral indices of Rojas-Ayala et al. We determine the masses (M ⋆ ) and radii (R ⋆ ) of the cool KOIs by interpolation onto the Dartmouth evolutionary isochrones. The resultant stellar radii are significantly less than the values reported in the Kepler Input Catalogue and, by construction, correlate better with T eff . Applying the published KOI transit parameters to our stellar radius measurements, we report new physical radii for the planet candidates. Recalculating the equilibrium temperatures of the planet-candidates assuming Earth's albedo and re-radiation fraction, we find that 3 of the planetcandidates are terrestrial-sized with orbital semi-major axes that lie within the habitable zones of their host stars (KOI 463.01, KOI 812.03 and KOI 854.01). The stellar parameters presented in this letter serve as a resource for prioritization of future follow-up efforts to validate and characterize the cool KOI planet candidates.
INTRODUCTION
Estimating physical parameters of stars which host exoplanets is crucial for estimating the physical parameters of the exoplanets themselves. The wealth of detailed observations of the Sun has enabled precise calibration of stellar evolution models for Sun-like stars, such that the determination of fundamental stellar physical parameters (mass, effective temperature, luminosity, radius) from observed colors and spectra is routine and generally robust (e.g. Kurucz 1991; Nordström et al. 2004; Valenti & Fischer 2005) .
For cool dwarfs (T eff 4400 K, M 0.5 M ⊙ ), however, the situation is more complex. Low-mass stellar models are not as well calibrated, and their predictions differ substantially depending on assumptions such as the mixing length parameter. There are few M dwarfs that are bright enough and nearby enough for direct accurate parallax and radius measurements (e.g. Ségransan et al. 2003; Berger et al. 2006) . Eclipsing binaries have been the primary source of radii for M dwarfs, but there is a discrepancy between observed radii and predictions from stellar evolution models (Ribas 2006; Torres 2011) . The rapid rotation of these close binary systems may be responsible for the discrepancy; however magnetohydrodynamic effects may supress convection in their interiors, so these radii may not be representative of field objects (Chabrier et al. 2007; Kraus et al. 2011) .
Recently, M dwarfs have received increased attention in both transit and radial velocity searches for exoplanets (e.g. Charbonneau et al. 2009; Bean et al. 2010b; Johnson et al. 2010; Mahadevan et al. 2010; Muirhead et al. 2011; Bonfils et al. 2011) , and exoplanet characterization efforts (e.g. Bean et al. 2010a; Désert et al. 2011; Croll et al. 2011 ), thanks to the higher detectability and characterization signals from orbiting low-mass exoplanets (Nutzman & Charbonneau 2008) . In February of 2011 the Kepler Mission announced 997 objects whose light curves are consistent with the presence of transiting planets , 74 of these Kepler Objects of Interest (KOIs) have T eff < 4400 K in the Kepler Input Catalog (KIC; Batalha et al. 2010; Brown et al. 2011) . A statistical analysis of the KOIs by Howard et al. (2011) reveals a substantial rise in the frequency of short-period, 2-4 R ⊕ planets with decreasing T eff of their host stars, implying that the low-mass planet candidates detected around low-mass stars represent a ubiquitous population of planets in the Galaxy.
Stellar parameters in the KIC were inferred from a photometric survey of stars in the Kepler field-of-view. However, Brown et al. (2011) state that the KIC stellar parameters are reliable for Sun-like stars, but are "untrustworthy" for stars with T eff less than 3750 K. The most reliable estiamtes of M dwarf masses and radii are derived by combining measured stellar luminosities with reliable mass-luminosity relations (e.g. Delfosse et al. 2000) and mass-radius relations predicted by stellar evolutionary models (e.g. Baraffe et al. 1998) , often with corrections to account for discrepancies between measured and predicted radii (e.g. Torres 2007) . Unfortunately, the lowmass KOIs do not have parallax measurements, which are necessary to estimate stellar luminosity and hence mass and radius with these methods.
Near-infrared spectroscopy offers a more robust method for determining physical parameters for lowmass stars that lack parallax measurements. The Kband (2.0 to 2.4 µm) contains several useful spectral diagnostics including continuum regions sensitive to T eff ) and absorption features that are sensitive to stellar metallicity (Rojas-Ayala et al. 2010 , with minimal sensitivity to interstellar reddening.
In this letter we report T eff and [M/H] measurements of 84 low-mass KOIs using K-band spectroscopy. We interpolated T eff and [M/H] onto the Dartmouth evolutionary isochrones (Dotter et al. 2008; Feiden et al. 2011) , which reproduce measurements from optical long-baseline interferometry (OLBI) relatively well (see Figure 2 ) and contain a large spread of metallicity grid-points, as required for reliable interpolation of stellar parameters. We report interpolated stellar masses and radii of the low-mass KOIs, and recalculate the planetary parameters based on the transit parameters in Borucki et al. (2011) .
OBSERVATIONAL CLASSIFICATION

Observations
Observations were carried out with the TripleSpec Spectrograph at the Palomar Observatory 200-inch Hale Telescope. TripleSpec is a near-infrared slit-spectrograph covering 1.0 to 2.5 µm simultaneously with a resolution of 2700 (Herter et al. 2008) . Two positions on the slit, A and B, were used for each target, and exposures were taken in an ABBA pattern with 60 second integration times at each position. Multiple ABBA sets were taken and combined until each spectrum had a median perchannel signal-to-noise of at least 60.
For telluric calibration we used SIMBAD to identify a grid of A0V stars in the Kepler field-of-view, and developed an observing sequence such that each KOI observation has a corresponding A0V star observation taken within 40 minutes and with an airmass difference less than 0.1.
Target Selection
We observed all of the KOIs with KIC-ascribed effective temperatures less than 4400 K over 7 nights in June of 2011. Of the 74 KOIs, 4 appeared to be double objects in the TripleSpec slit viewer with separations of less than 6 arcseconds (roughly the size of the Kepler Spacecraft's point spread function): KOI 326, KOI 641, KOI 249 and KOI 51. KOI 667 consisted of 5 objects within a 6 arcsecond radius. These objects are not included in this survey.
In August of 2011 we observed 15 additional KOIs with KIC-ascribed T eff greater than 4400 K, but with colors indicative of low-mass stars: (J − K) > 0.7, (r − i) > 0.3, or (g − r) > 1.0. We include 13 of these KOIs in this letter, as their spectra revealed CO features indicative of low-mass stars. In total, we obtained spectra of 82 KOIs. with comparison KHM spectral type standards from the IRTF Spectral Library (gray, Cushing et al. 2005; Rayner et al. 2009 ). The templates are adjusted to the same scale as the KOI spectra using a ratio of the median flux in K band, and then artificially offset. We used the H2O-K2 index to compute T eff , which is calculated using regions dominated by water opacity, and we used the equivalent widths of the Na I doublet and Ca I triplet to measure [M/H] (Rojas-Ayala et al. 2012). Top: KOI 961 is an example of a metal-poor star with little Na I and Ca I absorption (Muirhead et al. 2012) . Middle: KOI 256 is an example of a metal-rich star with deep Na I and Ca I absorption. The metallicities [M/H] are included, with uncertainties accounting for both random and systematic errors. Bottom: KOI 977 has a spectrum indicative of a giant with deep CO features but relatively weak Na I and Ca I absorption.
The spectra were extracted using a version of the Spextool program modified for the Palomar TripleSpec Spectrograph (Cushing et al. 2004, ; M. Cushing, private communication 2011) . Spextool accepts data in ABBA format. The xtellcor package within Spextool accepts spectra of A0 stars and compares them to a model spec-trum of Vega to identify and remove telluric absorption lines in a target spectrum (Vacca et al. 2003) . Figure  1 plots three example spectra, with templates of similar spectra type and relevant spectral features indicated. The templates are taken from the IRTF Spectral Library (Cushing et al. 2005; Rayner et al. 2009 ).
One star in our sample has a K-band spectrum consistent with a giant star, suggesting that the observed light curve is due to a stellar, rather than planetary, companion, or that the transit signal is due to an unresolved blend with an eclipsing binary. KOI 977 shows weak Na I and Ca I absorption and strong CO absorption, which qualitatively match IRTF template spectra of giant stars but not dwarf stars of the same spectral type. The spectrum is included in Figure 1 , with a giant and dwarf template for comparison.
MEASUREMENT OF T EFF AND [M/H]
To measure T eff and [M/H] of the remaining dwarfs, we measured three spectral indices from the K-band spectra: the equivalent widths of the Na I and Ca I lines, at 2.210 and 2.260 µm respectively, and an index describing the change in flux between three 0.02 µm-wide bands dominated by water opacity-centered at 2. Allard et al. (2011) . To validate the T eff measurement method, we compare T eff measurements by Rojas-Ayala et al. (2012) to measurements from optical long-baseline interferometry in Figure 3 , Panel A.
The T eff surface is very metallicity insensitive (< 10K offsets due to metallicity effects) for 3200 < T eff < 3900, and [M/H]< 0.3. For higher temperatures the H 2 O-K2 index saturates, where the saturation T eff depends on [M/H]. For stars with H 2 O-K2 near the saturation, a slightly higher H 2 O-K2 index converts to a large increase in the measured T eff . We accommodate this by providing asymmetric uncertainty estimates in T eff using a Monte Carlo approach described in Section 5. KOI 904 and KOI 956 had H 2 O-K2 outside of the calculated surface, and are therefore not included in our results.
DETERMINATION OF MASS AND RADIUS
We place the low-mass KOIs on a grid of physical parameters based on the Dartmouth stellar evolution models (Dotter et al. 2008; Feiden et al. 2011 ). These models are in generally good agreement with OLBI observations (see Figure 2 ), but there may well be systematic offsets in mass, radius or effective temperature, so these inferred physical parameters should be used with caution. We do not use the BCAH evolution models, as they are only (Ségransan et al. 2003) do not match any isochrone predictions, and this is likely the result of systematic errors in the OLBI measurements. We note that in the latest release of Kepler planet-candidates, Batalha et al. (2012) confined the stellar parameters of the host stars to the Yonsei-Yale isochrones. This will produce systematically larger radii for the low-mass stars than is evidenced by long-baseline interferometry.
available in two metallicities, [M/H] = 0.0 and [M/H] = -0.5, and a comprehensive metallicity grid is required for reliable interpolation of our measurements.
All but one of the stars in our sample are treated homogeneously, so the relative radii, masses and temperatures should be precise, even in the presence of modeldependent offsets. There is no model in the Dartmouth isochrones with the same metallicity and effective temperature as KOI 961, so this star is interpolated onto the 5-Gyr BCAH isochrones (see Muirhead et al. 2012 , however, for a more detailed analysis of this star). Stellar masses and radii are calculated by interpolation of the main sequence of a 5-Gyr isochrone at the measured total metallicity and effective temperature, illustrated in Figure 4 . The assumption of age does not significantly change the results. If very young ages are adopted, the masses and radii typically change only 0.1% between ages of 1 and 10 Gyr, and in all cases significantly less than the reported uncertainties.
We also apply our method to stars with K-band measurements in Rojas-Ayala et al. (2012) and radius measurements using optical-long baseline interferometry (see (Ségransan et al. 2003) . GJ 205 is excluded owing to its aberrant OLBI measurements (see Figure 2 ). There are 106 stars in Rojas-Ayala et al. (2012) with parallaxes in the literature and 2MASS K-band measurements, allowing for the calculation of M K and use of the empirically calibrated Delfosse et al. (2000) mass-M K relation. However, we only include those stars with K-band effective temperatures that are greater than 3200 K (spectral types of M4 and earlier), and we only include stars with parallax measurements larger than 50 mas, amounting to 56 stars. The methods for measuring low-mass star masses and radii employed in this letter are consistent with empirical measurements to within the calculated uncertainties.
Figure 3, Panels B and C). We find good agreement to within the estimated uncertainties.
ERROR ANALYSIS
We estimate the uncertainty in the equivalent width, H 2 O-K2 index and [M/H] measurements due to noise in the spectra using Monte Carlo simulations. Spextool reports errors for each channel of a reduced spectrum assuming photon noise and read noise in the target and telluric calibrator exposures. For each reduced spectrum, we created 1000 copies, each with random noise added to the spectral channels based on the error reported by Spextool. For each of the 1000 simulations, we measure the Na I and Ca I equivalent widths and H 2 O-K2 index. We also calculate [M/H] and T eff , and interpolate those values onto the Dartmouth isochrones. The standard deviations of the quantities across the simulations are taken as the uncertainty in those quantities for a given KOI. All of the resulting distributions are reasonably symmetric, except for the T eff measurements, for which we report asymetric uncertainties.
The [M/H] and T eff measurements contain additional uncertainty from imperfections in the calibration relation. Possible sources of calibration errors include astrophysical scatter from non-perfect correlation between the indices and [M/H], as well as errors in the relation coefficients due to noise in the calibration spectra. Rojas-Ayala et al. (2012) estimated the calibration errors contribute 0.1 dex of error to [M/H] measurements, based on the root-mean-square residuals in the calibration fit. We estimate a T eff calibration uncertainty of 50 K by comparing the method to OLBI measurements (see Figure 3) . We include these uncertainties into the M ⋆ and R ⋆ uncertainty estimates by adding additional (Dotter et al. 2008; Feiden et al. 2011) . Top: Stellar radius vs. T eff . Squares with errorbars are the measurements in this paper and black diamonds are the values from the KIC. Bot: The difference between the radius determinations from the KIC and in this work, plotted against our T eff measurements. We dramatically revise the stellar radii of the coolest KOIs. KOI 961 is cooler than the available grid points in the Dartmouth isochrones, so we instead interpolate the T eff and [M/H] onto the 5 Gyr BCAH isochrones Baraffe et al. (1998) . KOI 961 is the subject of the third paper in this paper series (Muirhead et al. 2012 ), wherein we use Barnard's Star to more accurately estimate its stellar parameters and refit the transit parameters.
surements made using the Dartmouth interpolations for nearby stars with overlapping measurements in (Rojas-Ayala et al. 2012) . We see no evidence for systematic offsets in the Dartmouth interpolations; nevertheless, we add in quadrature an additional uncertainty corresponding to 10% of the interpolated M ⋆ and R ⋆ to the Monte Carlo uncertainties based on the residual differences. Table 1 lists the KOI planet candidates and our measurements of their host star paramaters: spectral type, effective temperature, metallicity, and mass and radius, with corresponding uncertainty estimates. We also include our estimate of the the planet candidate radii, calculated by applying the R P /R ⋆ measurements reported in Borucki et al. (2011) to our measurements of R ⋆ . It should be noted that the appropriate limb-darkening coefficient could change as a result of the stellar classification, requiring a more sophisticated calculation of the new planet-candidate radii than in this letter. Figure 4 plots the effective temperatures, metallicities, masses and radii from our analysis as well as the values in the KIC. Our stellar radii are systematically lower than the values reported in the KIC and, by construction, have better agreement with T eff . The smaller stellar radii imply smaller planet-candidate radii, and many of the revised planet-candidate radii are smaller than 1 Earth radius.
RESULTS AND DISCUSSION
The effective temperatures, radii and masses of the KOIs imply different planet-candidate equilibrium temperature estimates, such that 3 planet-candidates are terrestrial-sized and have equilibrium temperatures which may permit liquid water to reside on the planet surface, assuming Earth-like albedos and re-radiation fractions. We find that KOIs 463.01, 812.03, and 854.01 are less than 2 R ⊕ in size with equilibrium temperatures between 215 K and 275 K: rough limits to the habitable zone as calculated by Kasting et al. (1993) . Whether liquid water can persist on the surfaces of terrestrial planets orbiting low-mass stars depends strongly on the individual evolution and atmospheric peculiarities of each system, but these KOIs are nevertheless compelling targets for future followup work.
A recent paper by Gaidos et al. (2012) compares the statistics from the M2K M-dwarf Doppler survey (e.g. Apps et al. 2010 ) with the Kepler results. They found inconsistencies which could be explained if many of the KOI stellar radii were underestimated, a result which is contradictory to our findings. However, the KIC T eff used to compare the M2K and Kepler samples differ from our measurements, and the two samples may have different metallicity distributions.
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